). This effect is complementary to the enhanced STD preTo test the idea that tLTD reduces release, we analyzed the coefficient of variation (CV) of the synaptic reviously observed at these synapses after LTP (Markram and Tsodyks, 1996) and suggests that tLTD is, at least sponses before and after tLTD (Faber and Korn, 1991; Larkman et al., 1992). In this analysis, pairs in which the in part, presynaptically expressed through a change in release probability (Zucker and Regehr, 2002) . postsynaptic sensitivity is reduced give rise to points above the diagonal, because (assuming a binomial disIn control experiments, we reduced the postsynaptic sensitivity to glutamate by applying concentrations of tribution) the standard deviation and mean scale linearly as the synapse depresses. As a result, 1/CV 2 remains CNQX that blocked approximately one-half of the available AMPA receptors ( Figure 1C ). As expected, this supunaffected as the mean decreases. Conversely, pairs in which presynaptic release is reduced give rise to points pressed all responses in a train to approximately the same extent, without causing a change in STD. Conbelow the diagonal, because the standard deviation remains unaffected as the mean decreases (cf. diated by presynaptic CB1 receptors in L5 pyramidal pairs by attempting to induce tLTD while blocking these receptors with the selective antagonist AM251 (Gatley the previous section, reducing postsynaptic sensitivity with CNQX yielded data points above the diagonal, et al., 1996). Under these conditions, no LTD occurred and no change in STD was observed (Figure 3 ; p ϭ 0.69). whereas lowering external Ca 2ϩ to reduce presynaptic release yielded points below the diagonal ( Figure 2B ). CB1 receptor activation was required during induction but not during expression of tLTD, because washing The change in CV due to tLTD or to reduced external Ca 2ϩ were significantly different compared to CNQX in the antagonist after induction failed to reverse tLTD ( Figure 3A ; p Ͻ 0.01, AM251 during versus after inducwash-in (ANOVA, p Ͻ 0.001; t tests, p Ͻ 0.0001 for both comparisons), but not compared to each other (p ϭ 0.27). tion). AM251 had no effect on baseline transmission (98% Ϯ 2%, n ϭ 4; p ϭ 0.82; not shown), arguing against a direct modulatory role of CB1 receptors at these synBlocking CB1 Receptors Abolishes tLTD The CV and STD analyses suggest that tLTD is exapses (cf. alternative hypothesis is that a rise in Ca 2ϩ owing to influx through postsynaptic NMDARs is required for receptor blocker AM251 led to significantly increased potentiation (213% Ϯ 22%, n ϭ 9 versus 162% Ϯ 7%, cLTD. To rule this out, we perfused the postsynaptic neuron with the Ca 2ϩ chelator BAPTA. As expected from n ϭ 31 in control pairs; p Ͻ 0.01; not shown), suggesting that, during LTP induction, the amount of potentiation its ability to block cannabinoid production ( Figure 8B ). In particular, low-frequency tLTD was tor activation produces a lasting depression of subsequent transmitter release ( Figure 9A ). An additional, unblocked by ifenprodil (106% Ϯ 6%, n ϭ 5; data pooled in Figure 8B ), supporting the idea that the NMDARs known signal arising from the postsynaptic side may be involved in activating presynaptic NMDARs during lowrelevant to low-frequency tLTD are presynaptically located and contain the NR2B subunit (Figures 6C-6E; frequency tLTD (cf. Figure 8) . Regardless of the nature of this unknown signal (see Discussion), the model sugWoodhall et al., 2001). These data suggest that, during low-frequency post-before-pre spiking within the tLTD gests the possibility that the temporal window over which pre-and postsynaptic firing induces tLTD reflects temporal window, presynaptic NMDARs are being activated ( Figure 8B, squares) . However, during unpaired the time during which the endogenous cannabinoid is available at the presynaptic terminal. To test this idea, low-frequency presynaptic spiking, they are not ( Figure  8A ). In conclusion, tLTD requires coincident activation we inhibited the fatty acid amide hydrolase that normally termined not only by transport and hydrolysis, but by how much is produced. As with suppression of inhibition obtained for ⌬t of Ϫ120 and Ϫ200 ms. In the presence of AA-5-HT, however, ⌬t of Ϫ120, Ϫ200, and Ϫ400 ms (Pitler and Alger, 1992), increased postsynaptic firing should enhance cannabinoid production, prolong its acproduced robust tLTD, indicating that the window had significantly widened ( Figure 9B The depression observed at L5-to-L5 synapses, however, expresses more slowly, lasts longer, requires precannabinoids as key mediators of spike timing-dependent plasticity in the neocortex may help explain the synaptic activity ( Figure 1B) , and, once induced, does not require continued activation of CB1 receptors (Figwell-documented effects of cannabis on cognitive function (Solowij, 1998) . ures 3A and 4C). In addition, excitatory L5-to-L5 synapses do not undergo DSE (P.J.S. and S.B.N., unpubSeveral pieces of evidence suggest that, as at other synapses, the endogenous cannabinoid is produced lished data). Results presented here suggest that enhanced availpostsynaptically and acts on the presynaptic terminal. The Ca 2ϩ chelator BAPTA blocked tLTD when introability of an endogenous cannabinoid at the presynaptic terminal can lengthen the timing window for tLTD. Imduced into the postsynaptic neuron, presumably because it interferes with cannabinoid production (Di peding endocannabinoid hydrolysis pharmacologically extended the timing window ( Figures 9B and 9C 
